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Abstract
We study the implications on inflation of an infinite tower of higher-spin states with
masses falling exponentially at large field distances, as dictated by the Swampland
Distance Conjecture. We show that the Higuchi lower bound on the mass of the tower
automatically translates into an upper bound on the inflaton excursion. Strikingly, the
mere existence of all spins in the tower forbids any scalar displacement whatsoever, at
arbitrarily small Hubble scales, and it turns out therefore incompatible with inflation.
A certain field excursion is allowed only if the tower has a cut-off in spin. Finally, we
show that this issue is circumvented in the case of a tower of string excitations precisely
because of the existence of such a cut-off, which decreases fast enough in field space.
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1 Introduction
Not all effective field theories (EFTs) admit ultraviolet completion into quantum grav-
ity. This is probably the most famous slogan of the swampland program [1,2] (see [3,4]
for some reviews), which aims at identifying universal constraints that quantum grav-
ity would impose at lower, naively decoupled, energies. If correct, this approach would
allow us to distinguish between healthy and pathological EFTs, where just the former
would satisfy such constraints. It reserves therefore tremendous implications primarily
for the understanding of the structure of the rich landscape of effective theories, which
plausibly arise as low-energy limit of string theory. Certainly good news for string
phenomenology, which can hope to make predictions at accessible energies, below the
Planck scale, and even go beyond the standard top-down model-building approach.
A number of swampland criteria have been so far proposed, each with different level
of evidence and predictive power [5]. Among the most rigorous statements, we find the
Swampland Distance Conjecture (SDC) [2]. It claims that infinite field distances are
always associated with the appearance of an infinite tower of exponentially light states
(see also [6]). This is intimately linked to a drop-off of the quantum gravity cut-off,
which sets the scale at which the EFT breaks down. Concretely, an effective theory can
only have a finite diameter of validity. This fact has collected very compelling evidence
in string theory, at infinite distance regions of moduli space [7–16] (see also [17–24]).
The phenomenological implications of the distance conjecture may therefore be
strong, especially if our effective theory deals with large field distances and high en-
ergies. A typical example is inflation, where, in its simplest implementation, a scalar
field traverses a certain range in order to deliver a quasi-de Sitter (dS) phase. Valid-
ity of an inflationary EFT imposes the Hubble energy scale to be always below the
quantum gravity cut-off. Therefore, an exponential fall-off in field space of the lat-
ter necessarily implies a maximum distance the inflaton may travel before the theory
breaks down. In [25], it has been shown that this conclusion can be made precise in
terms of the tensor-to-scalar ratio measured at typical Cosmic Microwave Background
(CMB) scales (see also [26,27] for other related works).
The features of the tower of states usually depend on the details of the UV em-
bedding scenario. In this letter, we would like to contemplate the possibility that this
infinite tower contains all spin values. Particles with higher-spin (HS) can in fact nat-
urally arise in backgrounds with curvature. In this case, one can circumvent a number
of severe restrictions, which applies to the flat case [28, 29] (see [30] for a review), and
construct consistent massless HS theories [31] (see e.g. [32] for some cosmological ap-
plications). Mathematical consistency would imply that an infinite tower of fields of all
spins should exist. The massive case has been studied in [33,34] in flat space and gen-
eralized to (A)dS in [35]. In the context of inflation, we have seen a renewed interest
in this topic, given the potential phenomenological implications. HS massive parti-
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cles in fact give rise to distinct signatures in cosmological correlators of the comoving
curvature perturbation [36–39].
In the following, we discuss the non-trivial implications of having a HS tower with
masses which decay exponentially in field space, in a (quasi-)de Sitter background. We
show that there is a one-to-one correspondence between a single HS state and a specific
maximum value for the inflaton range. Exceeding this value implies a violation of the
Higuchi bound [40] and unitarity of the theory is not preserved. The higher the spin
of the state, the smaller the allowed field distance so that the existence of all spins
in the tower becomes simply incompatible with inflation. Further, we show that the
only way-out is having a cut-off in spin. This allows for some finite field excursion,
in a specific range of super-Hubble masses of the spin tower. Finally, we apply this
whole argument to the tower of string states and notice that their natural cut-off (in
spin and length) in de Sitter space [41, 42] depends on the mass and thus allows to
overcome any dire consequence for inflation. While the bound could be very dramatic
for the inflationary paradigm, we are at present not aware of any specific example in
perturbative string theory with a mass-independent cut-off in spin.
The outline is as follows. We start with a resume of the main properties of the SDC
in Sec. 2. We continue, in Sec. 3, by adding spin to the infinite tower and discussing
the drastic implications for inflation. In Sec. 4, we discuss the loophole in the case of
the string tower. In Sec. 5 we present our conclusions.
2 Swampland distance conjecture
The Swampland Distance Conjecture (SDC) [2] predicts the breakdown of an effective
field theory due to a tower of infinite states becoming exponentially light at large field
distances with masses
m = m0 e
−λ∆ϕ as ∆ϕ→∞ , (1)
where λ is a numerical parameter (it has been conjectured to be always of order one [43])
and ϕ parametrizes the geodesic proper distance in field space.
This breakdown happens because a description with an infinite number of light
fields weakly coupled to Einstein gravity is not possible. The quantum gravity cut-off
ΛQG will then experience a similar exponential drop-off
ΛQG = Λ0 e
−γ∆ϕ as ∆ϕ→∞ , (2)
where Λ0 ≤ MP is the original naive cut-off of the effective theory (MP being the
reduced Planck mass). Moreover, it can be shown that γ = λ/3 if the quantum gravity
cut-off ΛQG is identified with the species scale ΛS = MP /
√N [7, 44, 45], which is the
cut-off of an effective gravitational theory reduced in the presence of a large number
3
N of species [46,47]. Above this scale, gravity becomes strongly coupled and quantum
effects cannot be ignored due to the increasing number of light fields.
Evidences in string theory of the SDC can be found around infinite distance sin-
gularities of the moduli space [7–24] (e.g. large volume, large complex structure or
weak coupling points). The proper field distance to reach one of such a singular points
results in fact always divergent. In concrete examples, one may check that, an infinite
tower of states (typical examples are KK or winding modes) becomes exponentially
light while approaching this singularity. A recent investigation [16] has argued that, in
the infinite distance limit, either a theory decompactifies (an infinite tower of light KK
modes appears) or, if the dimension does not change, the theory reduces to a weakly
coupled string theory.
An immediate consequence of the drop-off of ΛQG, as given by eq. (2), is an upper
bound in field space which sets the range of validity of the EFT. In the context of
inflation, it has been shown [25] that one can derive a universal upper bound on the
inflaton range, which depends logarithmically on the tensor-to-scalar ratio measured at
CMB scales. Moderately super-Planckian distances (∆ϕ . 10 for γ = 1) are allowed,
given the current experimental bound H < 2.5 · 10−5 MP on the separation between the
Hubble and the Planck scale, provided by the latest Planck measurements [48]. Multi-
field scenarios may relax the bound thanks to the possibility of following non-geodesic
motion [25, 27, 49]. In one of the simplest cases, one may allow for the simultaneous
variation of a saxion (the radial coordinate) and an axion (the angular coordinate) [25].
In this case, one may check that the travelled distance, before reaching the region where
the EFT breaks down, is always larger compared to the radial length.
3 SDC and higher-spin tower
In this section, we would like to contemplate the possibility that the masses of an
infinite tower of HS states follow the behaviour dictated by the SDC via eq. (1). In
the case of a tower containing states with spin s > 1, in (quasi-)de Sitter space, the
situation becomes more delicate than what described in the previous section. In fact,
unitarity demands that mass and spin should satisfy the Higuchi bound [40]
m2 > s(s− 1)H2 , (3)
where H = 1/R is the Hubble parameter and R is the de Sitter radius.
If the HS tower has masses which follow eq. (1), then there will be a point in field
space beyond which the Higuchi bound eq. (3) will be violated. This implies an upper
bound on the field range such as
∆ϕ <
1
λ
log
[
m0
H
1√
s(s− 1)
]
, (4)
4
2 4 6 8 10
s
-2
2
4
6
8
Δφ
2 4 6 8
s
-2
2
4
6
8
Δφ
Figure 1: Upper bound on the inflatonary field range as a function of the spin of the HS tower. The left
panel shows the behaviour at fixed λ = 1 and for mass ratio m0/H = {0.5,
√
2,
√
12, 10}. Higher mass ratio
allows for larger field displacement, provided there is cut-off in spin. The right panel shows the behaviour at
fixed mass ratio m0/H =
√
12 and λ = {1, 1/2, 1/3}. The maximum cut-off in spin (in this case smax < 4)
is set just by the mass ratio and it is insensitive to the parameter λ.
.
obtained by combining eq. (1) and eq. (3). In any realistic model of inflation, the
Hubble parameter H will have an explicit field dependence. However, in this specific
case, we can assume it to be constant if this dependence is milder than the exponential
drop-off in field space of the mass of the infinite tower of spin modes. In fact, please
note that while slow-roll inflation imposes the slope of the potential to be very small
(i.e. it is a quasi-de Sitter phase), the rate at which the mass of the tower decreases is
lower-bounded [7]. The mass m0 is assumed to be constant in this section. Depending
on the specific tower, it can however show some spin-dependence but the main result
will still hold, if the mass does not grow faster than linear. A specific example, where
m0 depends on
√
s, is given in the following section.
Let us comment on the significance of this result. The bound eq. (4) strictly depends
on m0/H, that is the ratio between the value of the mass at ∆ϕ = 0 and the Hubble
scale during inflation. Moreover, each spin s will lead to a different upper bound1,
which will be more limiting the higher the spin. Whereas a state with spin s = 1 never
forbids any scalar displacement, irrespective of the value of the mass ratio m0/H, states
with higher spins are associated to ever smaller variations in field space (see Fig. 1).
We conclude that the existence of an infinite tower of states of all spins, for any possible
sub- or super-Hubble mass m0, is simply incompatible with inflation (i.e. no scalar field
variation is allowed). This situation is shown in Fig. 1 where any line (corresponding
to different ratios m0/H) monotonically decreases at large spin.
The only way-out is having a maximum possible value for the spin. In fact, a cut-off
1Notice that in this case the upper bound is imposed by a single HS state, whereas, in the typical picture
provided by the SDC, it is the whole infinite tower that effectively imposes the bound through the decay of
the quantum gravity cut-off and the consequent breakdown of the EFT.
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in spin smax would always allow for some scalar field variation provided that
m0
H
>
√
smax(smax − 1) . (5)
This also implies that, for any cut-off smax > 1, the masses of HS tower should be
always super-Hubble with a minimum value of m0 >
√
2H.
Finally, we notice that, while the upper bound on the field range is always very
sensitive to the parameter λ [25,43], the latter plays no role in determining the cut-off
in spin, which can allow for a certain field excursion. The mass ratio is the only relevant
parameter which sets the point in spin where ∆ϕ = 0 (see right panel of Fig. 1).
4 String tower and loophole
A natural application of the results presented above is provided by the case that the
HS tower is identified with the string tower of states. The existence of this infinite
tower is in fact of fundamental importance for UV completion in string theory. The
implications of having string excitations with constant masses in a (quasi-)de Sitter
background have been recently discussed in [41,42]. However, we know that in certain
limits (e.g. at large volume or large dilaton-VEV) the masses of the string states fall
exponentially relative to the Planck mass MP . Interestingly, it has been also noticed
that this limit corresponds to an infinite distance point in field space (see e.g. [9, 15,
16]), thus being another concrete example of the physics predicted by the Swampland
Distance Conjecture. This situation offers us a perfect opportunity to apply the above
logic and check the physical consequences.
In the case of the string tower, the masses have a relation with the spin given by
the Regge trajectory
m2 = s M2S , (6)
with MS being the string scale.
The tensionless limit, when the masses decrease exponentially, is therefore fully
encoded in the fall-off of the string scale
MS = MS(0) e
−λ∆ϕ as ∆ϕ→∞ , (7)
where here large ∆ϕ can correspond to limits such as large volume or large dilaton-VEV
and MS(0) is the highest value of the string scale at zero field displacement.
In a (quasi-)de Sitter background, the Higuchi bound will provide a lower bound on
the masses, as explained above. For the string tower, the bound reads
∆ϕ <
1
λ
log
[
MS(0)
H
1√
s− 1
]
. (8)
Also here, the mere fact that the string tower contains infinite excitations of all spin
forbids any scalar field variation, for any ratio MS(0)/H. Just a cut-off in spin can
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allow for some field displacement, analogously to what we discussed in the previous
section. In this case, the higher the cut-off in spin, the higher the string scale MS(0)
should be with respect to H. For example, a cut-off at s = 5 implies MS(0) > 2H.
Since, in principle, one would hope to have a cut-off as high as possible in order to
reach an ultraviolet scale, this seems to correspond to impose a huge hierarchy between
MS(0) and H. In the following, we show how all these issues can be overcome.
Natural cut-off and loophole
In the case of the string oscillator states, in a (quasi-)de Sitter background, there is
in fact a natural cut-off beyond which one cannot trust the application of the Higuchi
bound (this was pointed out already by [41,42] in the case of constant masses). This is
obtained by demanding that the length of the string L ∼ √s/MS be smaller than the
Hubble radius R = 1/H. One therefore finds a maximum value for the spin beyond
which we cannot trust the Higuchi bound in dS space
smax =
(
MS
H
)2
. (9)
This relation implies that the cut-off in spin decreases exponentially while traversing
field distances (and therefore while the string scale drops following eq. (7)). The length
of a string increases exponentially fast, thus reaching the Hubble radius very soon. If
we plug this cut-off into the bound eq. (8), we notice that we obtain an identity2 for
large values of s. For small spin values, the inverse function of eq. (9) stays always
below the upper bound eq. (8). We conclude that an exponential decay of the masses
of the string tower does not lead to the dire consequences for inflation presented in
Sec. 3, as we have the cut-off in spin which decreases fast enough in field space.
UV completion and field range bound
In order to preserve the conventional argument of UV completion of gravity, we may
allow strings with length smaller than the Hubble radius still to have energies reaching
at least the Planck scale. The works [41, 42] have shown that this provides a bound
such as
MS >
√
H MP , (10)
which poses a maximum value on the scale of inflation (the consequences of this bound
on brane inflation have been discussed by [50]). Notice that the latter equation corre-
sponds to imposing that the inflationary energy density be below the string scale [41],
a condition that one would plausibly like to assume from the start.
2We thank Arthur Hebecker for correspondence on this point.
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If the string scale MS drops exponentially as given by eq. (7), we notice that this
translates into an upper bound on the field excursion such as
∆ϕ <
1
λ
log
MS(0)√
H MP
. (11)
This reduces to the bound of [25] when MS(0) = MP . For any other initial value of
the string scale below the Planck scale, eq. (11) provides a stronger bound. Allowing
the Hubble parameter H for some field-dependence would certainly relax the bound.
5 Conclusions
In this letter, we have discussed the consequences for inflation of an exponential decay
in field space of the masses of an infinite tower of HS states. We have thus shown that
preserving unitarity of the theory [40] translates into an upper bound on the inflaton
excursion. This allows for some ∆ϕ > 0 just if we have a maximum allowed spin in
the tower and the masses are super-Hubble. Having all spins in the tower becomes
incompatible with inflation whatsoever.
This result suggests that if the SDC is a property of quantum gravity, then it should
apply just to particles up to spin 1 (in a quasi-de Sitter background), unless they have
a cut-off in spins3. The string tower is in fact an example of this situation in string
theory. Their cut-off in spin decreases together with the string scale, thus allowing to
circumvent entirely the dire implications discussed in Sec. 3. This argument applies of
course also to other HS towers in string theory that have a similar relation between the
spin and the mass (e.g. wrapped branes). Any mass-independent cut-off would instead
lead to a finite field range bound but we do not know of any example in perturbative
string theory. This situation seems to provide some partial endorsement for the recent
conjecture of [16], which states that an infinite distance limit corresponds either to
a decompactification limit (emergence of KK tower) or to some tensionless, weakly-
coupled string theory (emergence of tensionless strings). Finally, we have also shown
that, whereas exponentially decreasing masses of the string states do not lead to the
dire consequences discussed in Sec. 3, allowing string oscillators in (quasi)-dS to have
masses at least up to the Planck scale implies the field range bound eq. (11). This is
usually stronger than the bound provided by [25].
A number of points might deserve further study. We notice that, in the bosonic
sector, the spin 2 is the first spin providing a non-trivial bound. It would be interesting
to understand the relation to the ‘spin-2 conjecture’ proposed in [51]. Moreover, one
may want to study the deformation of the Regge trajectory for exponentially decaying
3Another possibility could be that the SDC is a statement valid in flat space and it requires modifications
for backgrounds with curvature.
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masses, in the presence of curved backgrounds, along the line of [41]. We leave these
points for future investigations.
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